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1
METHOD FOR FORMING A STENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is generally related to a method for
forming a stent.

2. Background of the Invention

A stent is typically a hollow, generally cylindrical device
that is deployed in a body lumen from a radially contracted
configuration into a radially expanded configuration, which
allows it to contact and support a vessel wall. A plastically
deformable stent can be implanted during an angioplasty
procedure by using a balloon catheter bearing a compressed
or “crimped” stent, which has been loaded onto the balloon.
The stent radially expands as the balloon is inflated, forcing
the stent into contact with the body lumen, thereby forming a
support for the vessel wall. Deployment is effected after the
stent has been introduced percutaneously, transported trans-
luminally, and positioned at a desired location by means of
the balloon catheter.

Stents may be formed from wire(s) or strip(s) of material,
may be cut from a tube, or may be cut from a sheet of material
and then rolled into a tube-like structure. While some stents
may include a plurality of connected rings that are substan-
tially parallel to each other and are oriented substantially
perpendicular to a longitudinal axis of the stent, others may
include a helical coil that is wrapped or wound around a
mandrel aligned with the longitudinal axis at a non-perpen-
dicular angle.

Stent designs that are comprised of wound materials gen-
erally have complex geometries so that the final stents may be
precisely formed. The small size and complexity of some
stent designs generally makes its formation difficult. Wound
stents are formed such that when unsupported, they create the
desired stent pattern and vessel support. This process gener-
ally involves winding a source material around a supporting
structure such as a rod or mandrel and creating a helical or
spring-like wrap pattern. To provide greater support, along
this wrapped element, geometries are formed into the source
material to better support the tissue in between each wrap,
usually of sinusoidal nature.

Stent designs that are comprised of wound materials gen-
erally have complex geometries so that the final stents may be
precisely formed. The small size and complexity of some
stent designs generally makes its formation difficult. Wound
stents are formed such that when unsupported, they create the
desired stent pattern and vessel support. This process gener-
ally involves winding a source material around a supporting
structure such as a rod or mandrel and creating a helical or
spring-like wrap pattern. To provide greater support, along
this wrapped element, geometries are formed into the source
material to better support the tissue in between each wrap,
usually of sinusoidal nature. A potential down side to a
wrapped stent is that the ends of the wound material that
define the ends of the stent may have rough edges after excess
material has been removed from the rest of the stent.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is
provided a method of forming a stent. The method includes
forming a wave form from a formable material. The wave
form includes a plurality of substantially straight portions and
aplurality of curved portions, each curved portion connecting
adjacent substantially straight portions. The method includes
wrapping the wave form around a mandrel at an angle to form
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ahelical coil comprising a plurality of turns, connecting a first
curved portion of a first turn to an adjacent second curved
portion of a second turn at a position along the wave form to
define an end of the stent, and removing excess material from
an end of the wave form extending past the first curved por-
tion while smoothing the end of the stent.

According to an aspect of the present invention, there is
provided a stent formed by a method that includes forming a
wave form from a formable material. The wave form includes
aplurality of substantially straight portions and a plurality of
curved portions, each curved portion connecting adjacent
substantially straight portions. The method includes wrap-
ping the wave form around a mandrel at an angle to form a
helical coil comprising a plurality of turns, connecting a first
curved portion of a first turn to an adjacent second curved
portion of a second turn at a position along the wave form to
define an end of the stent, and removing excess material from
an end of the wave form extending past the first curved por-
tion while smoothing the end of the stent.

These and other aspects of the invention as well as the
methods of operation and functions of the related elements of
structure will become more apparent upon consideration of
the following description and the appended claims with ref-
erence to the accompanying drawings, all of which form a
part of this specification. It is to be expressly understood,
however, that the drawings are for the purpose of illustration
and description only and are not intended as a definition of the
limits of the invention. As used in the specification and in the
claims, the singular form of “a”, “an”, and “the” include
plural referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
schematic drawings in which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIG. 1is a schematic view of a stent after being formed by
amethod in accordance with an embodiment of the invention;

FIG. 2 is a schematic view of a wave form before the wave
form is wound into the stent of FIG. 1;

FIG. 3 is a schematic view of the wave form of FIG. 2 being
wrapped around a mandrel into a helical coil in accordance
with an embodiment of the invention;

FIG. 41is a schematic view of the helical coil of FIG. 3 being
clamped to the mandrel;

FIG. 5 is a schematic view of a laser generating a laser
beam used to sever an end of the wave form from the helical
coil in accordance with an embodiment of the invention;

FIG. 6 is a schematic diagram illustrating a path of a laser
beam used to sever the end of the wave form from the helical
coil in accordance with an embodiment of the invention;

FIG. 7 is a photomicrograph of an end of the stent of FIG.
1 after the laser beam has been used to sever the end of the
wave form from the helical coil and secure a new end of the
wave form to an adjacent crown in the wave form; and

FIG. 8 is a flow chart of a method of forming the stent of
FIG. 1, in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The following detailed description is merely exemplary in
nature and is not intended to limit the invention or the appli-
cation and use of the invention. Furthermore, there is no
intention to be bound by any expressed or implied theory
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presented in the preceding technical field, background, brief
summary or the following detailed description.

FIG. 1 schematically illustrates a stent 10 that has been
manufactured according to an embodiment of the present
invention. The stent 10 is generally cylindrical in shape and
has a longitudinal axis extending through the center of the
stent 10. The stent 10 includes a continuous wave form 12 that
is formed from a formable material 14 using a suitable form-
ing apparatus.

As illustrated in FIG. 2, the wave form 12 may be formed
so that the wave form 12 includes a plurality of struts 18 and
aplurality of crowns 20. Each crown 20 is a curved portion or
turn within the wave form 12 that connects adjacent struts 18
to define the continuous wave form 12. As shown in FIG. 2,
the struts 18 are substantially straight portions of the wave
form 12. In other embodiments, the struts 18 may be slightly
bent or have other shapes, such as a sinusoidal wave, for
example. The illustrated embodiment is not intended to be
limiting in any way.

After the wave form 12 has been formed by the forming
apparatus, the wave form 12 may be wrapped, at a pitch,
around a mandrel 30 that has a longitudinal axis LA that will
coincide with the longitudinal axis of the stent 10, so as to
form a helical coil a constant helical angle, or pitch angle a.,
having multiple turns 22, as illustrated in FIG. 3. One end 13
of the wave form 12 may be pressed against the mandrel 30
with a pressing member 40 that is attached to the mandrel 30
so that it rotates and translates with the mandrel 30. The other
end 15 of the wave form 20 may be held with a suitable
structure that is configured to hold the end 15 of the wave
form 20 as the wave form 20 is wrapped around the mandrel
30 so that the helical angle o stays substantially constant.

The mandrel 30 may be rotated and translated, as indicated
by arrows 42 and 44, respectively, at a suitable speed so that
the wave form 20 wraps around the mandrel 30, and the
longitudinal axis LA, to create the turns 22. The number of
revolutions of the mandrel 30 determines the number of turns
22 in the stent 10.

After the helical coil has been formed, an end portion of the
helical coil that is opposite the end being clamped to the
mandrel 30 by the pressing member 40 may be clamped to the
mandrel 30 with a second suitable pressing member 50 or
clamp so that select crowns 20 of adjacent turns 22 may be
connected together, as represented by connections 24 illus-
trated in FIG. 4. The connections 24 may be formed by fusing
the select crowns 20 together, or by welding the select crowns
20 together, or by using any other suitable method to connect
portions of adjacent turns 22 together. The location of the end
of'the stent may be determined, and a first crown 204 of a first
turn 22q and a second crown 205 of a second turn 225 may be
connected together with a connection 27 that will define the
end of the stent 10. The connection 27 may be formed by
fusing the first crown 20a and the second crown 205 together,
or by welding the first crown 20qa and the second crown 205
together, or by using any other suitable method to connect the
first crown 20a and the second crown 205 together.

In order to finish off the ends of the stent, the excess wave
form 12, such as the end 15 of the wave form 12 illustrated in
FIG. 4, may be severed from the helical coil. In an embodi-
ment, a laser 60 may be used to generate a laser beam 62 to
melt the formable material at a location where it is desired to
remove the end 15 of the wave form 12 from the remainder of
the helical coil, as schematically illustrated in FIG. 5. The
tension in the helical coil, which is clamped to the mandrel 30,
causes the end 15 of the wave form to separate from the
remaining portion of the wave form 12 that forms the helical
coil as the laser beam 62 is directed along a path 64 illustrated
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in FIG. 6. The path 64 may generally be defined as starting at
about a 90° angle with respect to the tangent of the second
crown 205, passing through the first crown 20a, then moving
substantially parallel to the tangent of the second crown 205,
without touching the second crown 205 or any other part of
the wave form 12.

The laser 60 may be aYAG, diode, solid state, CO,, pulsed,
continuous, fiber, or any other suitable type of laser. In an
embodiment, a solid state, pulsed laser may be used. The laser
60 may travel along the path 64 at a speed of between 0.01
inches per second to 10 inches per second, and a pulse width
of'between 0.1 inch and 0.9 inch, depending on the frequency
and power used. The frequency may be between 20 Hz and
200 Hz. The power of the laser may be between 1 W and 1 kW.
Inert gas shielding, such as with argon, nitrogen, or helium
may also be used. The heat provided by the laser beam 62
causes the formable material to melt, and even vaporize. As
the laser beam 62 ““cuts” the formable material, the laser beam
62 leaves a molten pool of material in its wake, which may
reform into a smooth mass 29 upon cooling, as shown in FI1G.
7.The same method may be used to terminate the other end 13
ofthe wave form 12 from the helical coil that defines the stent
10.

FIG. 8 illustrates a method 100 for forming a stent, such as
the stent 10 of FIG. 1, in accordance with an embodiment of
the present invention. As illustrated, the method 100 starts at
102. The method includes forming a wave form, such as the
wave form 12 illustrated in FIG. 2, at 104. After the wave form
12 is formed, at 106, the wave form 12 is wrapped around a
mandrel, such as the mandrel 30 of FIG. 3, to form a helical
coil. After the wave form 12 is wrapped around the mandrel
30, the resulting helical coil is clamped to the mandrel 30 at
108. At 110, the method includes connecting a crown from a
first turn of the wrapped wave form to a crown from a second
turn of the wrapped wave form to define an end of the stent.
After the crowns have been connected, the end 15 of the wave
form 12 severed from the wrapped wave form while what is
now the end of the stent is smoothed at 112. The method ends
at114. Asunderstood by one of skill in the art, the method 100
may repeat 110 and 112 for the other end of the stent. In an
embodiment, the stent may then be subject to further post
processing steps know in the art, such as annealing, polishing,
etc.

Embodiments of the stents made using the method and
apparatus discussed above may be formed from a sheet, roll,
or strip of suitable formable material. In certain embodi-
ments, the stent may be formed, i.e., etched or cut, from a thin
tube of suitable material, or from a thin plate of suitable
material and rolled into a tube. Suitable materials for the stent
include but are not limited to stainless steel, iridium, plati-
num, gold, tungsten, tantalum, palladium, silver, niobium,
zirconium, aluminum, copper, indium, ruthenium, molybde-
num, niobium, tin, cobalt, nickel, zinc, iron, gallium, manga-
nese, chromium, titanium, aluminum, vanadium, carbon, and
magnesium, as well as combinations, alloys, and/or lamina-
tions thereof. For example, the stent may be formed from a
cobalt alloy, such as [.605 or MP35N®, Nitinol (nickel-tita-
nium shape memory alloy), ABI (palladium-silver alloy),
Elgiloy® (cobalt-chromium-nickel alloy), etc. It is also con-
templated that the stent may be formed from two or more
materials that are laminated together, such as tantalum that is
laminated with MP35N® alloy, or from a filled or coextruded
wire having one material in the center of the wire that is
surrounded by another material. The stents may also be
formed from sheets, rolls, or strips of material having layers
of different metals, alloys, or other materials. Embodiments
of'the stent may also be formed from hollow material that has
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been filled with other materials. The aforementioned materi-
als and laminations are intended to be examples and are not
intended to be limiting in any way.
While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description of the invention,
it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a conve-
nient roadmap for implementing an exemplary embodiment
of'the invention, it being understood that various changes may
be made in the function and arrangement of members
described in an exemplary embodiment without departing
from the scope of the invention as set forth in the appended
claims.
What is claimed is:
1. A method of forming a stent, the method comprising:
forming a wave form from a formable material, the wave
form comprising a plurality of substantially straight por-
tions and a plurality of curved portions, wherein each
curved portion has a crown, each curved portion con-
necting adjacent substantially straight portions;

wrapping the wave form around a mandrel at an angle to
form a helical coil comprising a plurality of turns;

connecting a first crown of a first curved portion of a first
turn to an adjacent second crown of a second curved
portion of a second turn at a position along the wave
form, wherein an end portion of the wave form extends
past the first curved portion; and

25

6

severing the end portion of the wave form from the helical

coil at the first crown to define an end of the stent.

2. The method according to claim 1, wherein a laser beam
generated by laser is used to remove the end portion of the
wave form.

3. The method according to claim 2, wherein the laser beam
melts the formable material to form a molten pool that
reforms into a smooth mass upon cooling.

4. The method according to claim 2, wherein said severing
comprises moving the laser beam along a path that avoids
contact with a portion of the wave form that defines the stent.

5. The method according to claim 4, wherein the path
passes through the first curved portion of the first turn at an
angle substantially perpendicular to a tangent of the second
curved portion of the second turn.

6. The method according to claim 5, wherein after the path
passes through the first curved portion, the path extends sub-
stantially parallel to the tangent of the second curved portion
without touching the second curved portion.

7. The method according to claim 4, wherein the laser beam
moves along the path at a speed of between 0.01 inch/second
and 10 inches/second.

8. The method according to claim 4, wherein the laser beam
has a pulse width of between 0.1 inch and 0.9 inch.

9. The method of claim 1, further comprising connecting
selected curved portions of the wave form in adjacent turns of
the helical coil.

10. A stent formed in accordance with the method of claim



